Abstract Exercise rehabilitation is one of the few evidence-based treatments for chronic non-specific low back pain (cLBP), but individual success is notoriously variable and may depend on the patient's adherence to the prescribed exercise regime. This prospective study examined factors associated with adherence and the relationship between adherence and outcome after a programme of physiotherapeutic spine stabilisation exercises. A total of 32/37 patients with cLBP completed the study (mean age, 44.0 (SD = 12.3) years; 11/32 (34%) male). Adherence to the 9-week programme was documented as: percent attendance at therapy, percent adherence to daily home exercises (patient diary) and percent commitment to rehabilitation (Sports Injury Rehabilitation Adherence Scale (SIRAS)). The average of these three measures formed a multidimensional adherence index (MAI). Psychological disturbance, fear-avoidance beliefs, catastrophising, exercise self-efficacy and health locus of control were measured by questionnaire; disability in everyday activities was scored with the Roland-Morris disability scale and back pain intensity with a 0-10 graphic rating scale. Overall, adherence to therapy was very good (average MAI score, 85%; median (IQR), 89 (15)%). The only psychological/beliefs variable showing a unique significant association with MAI was exercise self-efficacy (Rho = 0.36, P = 0.045). Pain intensity and self-rated disability decreased significantly after therapy (each P \ 0.01). Adherence to home exercises showed a moderate, positive correlation with the reduction in average pain (Rho = 0.54, P = 0.003) and disability (Rho = 0.38, P = 0.036); higher MAI scores were associated with greater reductions in average pain (Rho = 0.48, P = 0.008) and a (n.s.) tendency for greater reductions in disability (Rho = 0.32, P = 0.07) Neither attendance at therapy nor SIRAS were significantly related to any of the outcomes. The benefits of rehabilitation depended to a large extent on the patient's exercise behaviour outside of the formal physiotherapy sessions. Hence, more effort should be invested in finding ways to improve patients' motivation to take responsibility for the success of their own therapy, perhaps by increasing exercise self-efficacy. Whether the ''adherence-outcome'' interaction was mediated by improvements in function related to the specific exercises, or by a more ''global'' effect of the programme, remains to be examined.
Introduction
Chronic low back pain (cLBP) is a complex and poorly understood problem and its management represents a major challenge to our health-care systems. According to current evidence-based clinical guidelines, exercise therapy (of any type) is one of the few recommended treatments for nonspecific cLBP [2] . However, a recent meta-analysis of the results of exercise therapy trials reveals that even this gold standard treatment does not elicit a positive response in all patients, and the group mean changes in pain and disability, although statistically significant, are clinically only modest [25] . The reasons for the widely varying individual response to treatment are largely unknown; few studies have been able to identify predictors of a positive outcome [67] . Conceivably, one factor influencing individual success with such programmes may be the adherence of the patient to the treatment, where adherence implies active voluntary involvement in the planning and implementation of the treatment and is defined as the extent to which the patient undertakes the clinic-based and home-based prescribed components of the physiotherapy programme [6, 40, 54] . If the exercises that patients are instructed to perform are aimed at addressing specific functional deficits, have a sound underlying physiological rationale and demonstrate a dose-response relationship, then it could be expected that patients who adhere well to the prescribed exercise programme would fare better in terms of their final outcome.
Interindividual variability in adherence to medical treatment/therapy has been shown to be related to various personal characteristics including patients' convictions in relation to their and others' responsibility for their health and illness [12] , self-efficacy, i.e. the belief that one is capable of performing in a certain manner to attain certain goals [3, 5, 12, 42, 49] , patient activation, i.e. an individual's declared propensity to engage in positive health behaviour [55] , self-motivation [9, 10] , sex and age [16] , and the patient-therapist relationship [46] . Other psychological variables such as fear avoidance, catastrophising and psychological disturbance-factors that have been shown to be strong determinants of self-rated disability in cLBP [38, 41, 57] -have not yet been examined within the context of adherence, but might also be expected to represent barriers to exercise for the same reasons that they influence perceived disability in activities of daily living or work.
A number of studies have examined adherence to exercise rehabilitation in patients with LBP [16, 18, 19, 22, 29, 31, 52] or after back surgery [55] , but only one of these [18, 19] specifically involved patients with a chronic problem. Further, most of these studies focused on the use of adherence-enhancing strategies in groups of patients [18, 19, 22, 29, 52] , the evaluation of different measures of adherence [31] or the identification of factors predicting adherence per se [16, 55] , rather than on the relationship between individual adherence and clinical outcome after therapy. Although Kolt and McEvoy [31] found that higher levels of adherence significantly predicted the global perception of the ''degree of rehabilitation'' after a 4-week exercise programme, they did not quantify the changes in clinical status prospectively, using established and standardised LBP outcome instruments. Moreover, their use of a mixed group of acute and chronic LBP patients, for whom current management guidelines differ somewhat with regard to the benefit of special exercises [2, 62] , and the fact that ''duration of current LBP'' was itself identified as a predictor of outcome in their multivariate model, complicates the interpretation of their findings.
The purpose of the present study was twofold. The primary aim was to examine the influence of adherence on changes in self-rated pain and disability after a programme of therapeutic ''spinal segmental stabilisation'' exercises [47] in patients with cLBP. The specific exercises, which aim to restore deep trunk muscle motor control [47] , have become a popular concept in contemporary physiotherapy, following numerous scientific reports of the trunk muscle dysfunction in connection with LBP (reviewed in [28] ). A secondary aim was to evaluate the influence of various cognitive factors and beliefs on adherence to the exercise programme.
Methods

Patients
A total of 37 patients with cLBP participated in the study (see later for further details), which was part of a larger investigation of various aspects of deep trunk muscle activation in cLBP. The patients were recruited from the departments of rheumatology, orthopaedics and neurology of local participating hospitals (one university hospital, two foundation hospitals) and a local GP practice. The inclusion criteria for the study were: non-specific LBP [2, 64] with or without referred pain (of a non-radicular nature) for at least 3 months and about to undergo physiotherapy; average pain intensity over the last 2 weeks C3 and B8 on a 0-10 visual analogue scale; good understanding (written and oral) of the German language; and willingness to comply with the study protocol. Exclusion criteria included factors reflecting the presence of serious spinal disorders, as described in LBP treatment guidelines [2, 64] , as well as pregnancy within the last 2 years (potential for subsequent changes in abdominal muscle function) and prior participation in a programme of spine segmental stabilisation exercises. The study was approved by the local medical ethics committee. All participants gave their signed informed consent to participate after receiving verbal and written information about the study.
Therapy
Patients were referred to a 9-week programme of spine segmental stabilisation exercises, directed by a physiotherapist who was specially trained in this therapy concept and in the additional needs of the study, but otherwise treating the patient as one of his/her normal clinical referrals. In total, 12 treating therapists were involved. Attendance at physiotherapy was required once/week. Patients firstly underwent a manual assessment by the physiotherapist to determine if there were any signs of segmental hypomobility or hypermobility [43] ; if present, these were categorised according to their directional nature (flexion, extension, lateral bending or multidirectional pattern), and the progression of the exercises was directed accordingly [43] . The treatment approach was based on the methods described by Richardson et al. [47] . Stage 1 involved training of preferential activation of the deep abdominal muscles, with correct breathing and without substitution from large torque-producing muscles (e.g. M. rectus abdomis), using the abdominal drawing in manoeuvre. The hold was assessed using a pressure biofeedback monitor and the holding time was gradually increased to the point where patients were able to perform ten contractions with 10-s holds. The physiotherapist then used B-mode ultrasound to verify the contraction, i.e. to ensure that there was visible thickening and shortening of the muscles [26, 47] . Stage 2 included training of specific contraction of the deep abdominal muscles with co-activation of the pelvic floor muscles (if signs of pelvic floor muscle insufficiency were present), M. multifidus and M. iliopsoas. Stage 3 comprised integration of the use of these specific exercises during performance of different activities of daily living or sport (tailored to the patient's needs), especially in relation to movements where the patient demonstrated fear of pain [27, 30, 47, 48] . Exercise progression was achieved by applying low, but increasingly greater, loads to the muscles by adding leverage through the limbs. During at least one of the nine physical therapy sessions, ultrasound was used as a biofeedback instrument for the patient [26] and to guide progression through the stages.
Patients were asked to perform home exercises comprising a sequence of 10 9 10 s repetitions, ten times a day (total exercise time, approximately 20-25 min/day). Patients were given approximately three different exercise positions to use; the aim was to find an exercise setting that was not associated with excessive time demands or alterations to the individual's usual daily routine. To explain the rationale behind the treatment concept and increase motivation for the programme, patients were given illustrated information brochures describing the exercises, their purpose and how to perform them, and offering various tips and advice on how to integrate the exercises into their activities of daily living. The physiotherapist was instructed to enquire at every treatment session about the patient's success with the home exercises and to discuss any problems/provide support and advice where necessary.
Adherence to therapy
Since clinical exercise programmes typically make multiple demands on the patient (attendance for treatment, home exercises and the incorporation/elimination of certain movements during everyday activities [10, 36] ), three indices, and a multidimensional index (aimed at incorporating all components into one score) were used to capture these various dimensions of adherence. Firstly, a self-report daily exercise diary completed by the patient served to document the frequency of exercises performed at home. The total number of home exercise sessions carried out was expressed as a proportion (%) of the recommended total number of sessions to be performed during the 9-week programme (the maximum value for this was set to 100%, even if more than the required number were performed). The diary was given out anew each week and returned (complete) by the patient at the next therapy session. Secondly, the treating physiotherapist documented his/her impression of the patient's adherence during each therapy session using the Sports Injury Rehabilitation Adherence Scale (SIRAS) [7] ; this assesses the effort that the patient displays when carrying out the exercises, the frequency with which the patient follows the therapist's instructions and the receptiveness of the patient towards progression. Each of these three aspects was assessed on a 5-point scale, giving a total score between 3 and 15 for each session. The average score over the nine treatment sessions was then determined and expressed as a percentage (where a score of 15 = 100%). Finally, the percent attendance at the prescribed therapy sessions was documented, as described previously [36, 51, 52] . The scores for each of these three dimensions (expressed as a percentage) were averaged to give a score for the multidimensional adherence index (MAI).
At the end of the programme, the physiotherapist was asked to give a global rating of the patient's overall adherence: poor, fair, good, very good and excellent (range, 0-4). This was used to compare with the MAI score, with the expectation that there would be a moderately high, significant correlation between the scores.
Questionnaires
Before and after therapy, the patients completed a questionnaire booklet. It contained amongst other things:
• Questions on sociodemographic variables; • Questions on pain history (duration of problem, length of time in treatment, work absence, etc.); • The Exercise Self-Efficacy Questionnaire, which comprises 11 items enquiring about how confident the patient is that he will carry out the home exercises despite various distractions (0-66, from not certain at all through to absolutely certain) [5] ; • The multidimensional health locus of control (HLC) questionnaire, which examines beliefs that the source of reinforcement for health-related behaviour is primarily internal, a matter of chance or under the control of powerful others [35, 66] ; • Roland and Morris disability questionnaire (RM), which measures 24 activity limitations due to back pain (score 0-24: higher score, increased disability) [17, 50] ; • Pain graphic rating scale (PGRS) [37] : the average and worst back pain intensity during the last week was measured using a 0-10 graphic rating scale.
• Pain frequency, assessed using a four-point adjectival scale (0 = never, 1 = occasionally, 2 = frequently, 3 = constantly); • Pain medication usage, assessed with a four-point adjectival scale (0 = never, 1 = few times/month, 2 = few times/week, 3 = daily); • Fear-avoidance beliefs, determined with the fear avoidance beliefs questionnaire [57, 65] . This assesses the patient's beliefs about physical activity/work being a cause of back trouble and their fears about the dangers/ consequences of such activities when experiencing an episode of low back pain; • Pain catastrophising questionnaire [41, 60] . This comprises three subscales, helplessness, magnification and rumination, which among them assess the extent of the patient's catastrophising thoughts and behaviours; • Psychological disturbance/distress, determined using the combined scores of the Modified Somatic Perception Questionnaire (heightened somatic awareness) and the modified Zung self-rating depression questionnaire [23, 39] .
After the therapy programme, the questionnaire booklet also included six questions regarding the patient's impression of the therapist, in terms of his/her friendliness, competence, provision of advice for performing everyday activities, ability to motivate, empathy/understanding and strictness/consistency, each graded on a 0-4-point adjectival scale [39] . The sum score for these six items was used to describe the patient's overall relationship with the therapist.
Statistical analysis
The main aim of the study was to examine the influence of adherence on outcome. A sample size of approximately 35-40 patients allowed for the determination of a moderate correlation between multidimensional adherence and the post-treatment change in pain/disability of r = 0.5 (i.e. 25% shared variance), with a probability of 85% (power) against the null hypothesis of r = 0, at a twosided significance level of 5% and allowing for *20% dropout.
Descriptive data are presented as means and standard deviations (SD), or medians and interquartile ranges (IQR), depending on whether the data were approximately normally distributed when examined graphically. The interrelationships between adherence and various personal characteristics were quantified using Spearman's rank correlation coefficients. Differences in adherence between the sexes were examined using Mann-Whitney U tests. Differences between clinical variables before and after treatment were examined using paired t tests, and effect sizes for the changes were calculated as standardised response means (SRMs), given by the mean change scores divided by the SD of the change scores. Forward stepwise multiple regression analysis was used to identify unique predictors of adherence, entering those variables that were significant on bivariate testing. The negatively skewed data for adherence (SIRAS, attendance and MAI) underwent reflection and inverse transformation as described by Brewer et al. [10] to produce a more normal distribution for use in multiple regression.
Significance was accepted at the 5% level. Following the reasoning of Perneger et al. [45] , no corrections were made for multiple testing. The analyses were carried out using Statview 5.0 (SAS Institute Inc, San Francisco, USA).
Results
Patient flow through the study
A total of 32/37 (86%) patients completed the 9-week physiotherapy programme of spine stabilisation exercises and completed the pre-and post-therapy questionnaire assessments. Five patients were considered to be dropouts: for two patients, recruited early on in the study, it transpired that they had never fulfilled the study's admission criteria [one for language reasons and one for medical reasons (specific spinal pathology)], and three patients did not wish to continue for various reasons, mainly to do with the time commitment.
The baseline physical, psychological and clinical characteristics of the 32 patients are shown in Table 1 and in the first column of Table 3 .
Adherence to therapy
Overall, the patients showed good adherence to the programme, with median scores for attendance, commitment (SIRAS) and adherence to home exercises of 100% (IQR 11%), 96% (IQR 8%) and 75% (IQR 41%), respectively (for further details, see Table 2 ).
Each adherence subscale showed at least a moderate correlation with the MAS score (Rho corrected for ties = 0.51-0.94; P \ 0.05), whereas the intercorrelations between any two subscales were relatively low (Rho corrected for ties P = 0.29-0.34; P = 0.06-0.10).
The physiotherapists' retrospective global rating of the patients' adherence was as follows: 37.5% excellent, 25.0% very good, 28.1% good, 3.1% fair and 6.3% poor. There was a significant correlation between the global ratings and the MAI scores (Rho = 0.57; P = 0.0014).
Factors associated with adherence to therapy Men had significantly higher scores than women for the MAI (P = 0.02), and for the individual dimensions 'home exercises' (P = 0.02) and 'SIRAS' (P = 0.01), but not for 'attendance at therapy' (P = 0.92). The physiotherapist's global rating was also higher for men than for women (median (IQR) values, 4 (1) and 3 (0.3), respectively; P = 0.03). There was no significant relationship between age and MAI or any of its component dimensions (Rho \ 0.16, P [ 0.37 in each case).
The scores for exercise self-efficacy showed a low, but significant, correlation with the MAI scores (Rho = 0.36, P = 0.045). None of the scores for the different domains of the MHLC (internal, powerful others, fate) showed any significant correlation with the MAI scores (all Rho \ -0.21, P [ 0.24). Further, none of the psychological questionnaire scores (fear-avoidance beliefs, catastrophising or psychological disturbance/distress) were significantly correlated with the MAI scores (all Rho \ -0.18, P [ 0.32).
The median sum score for the patients' overall impression/rating of the therapist was 22 (IQR 3) out of a maximum 24. There was no significant correlation between this score and the MAI score (Rho = -0.051, P = 0.77).
Forward stepwise multiple linear regression analysis of gender and self-efficacy scores (significant in the bivariate analyses) on the transformed MAI adherence scores revealed that both variables were significant predictors, together accounting for approximately 32% variance (adjusted R 2 ) in MAI (P = 0.0013; standardised coefficient (beta) for gender (1 = female/2 = male), 0.457; for selfefficacy, 0.400).
Clinical outcomes before and after therapy Significant reductions in disability, pain intensity (both average and worst in the last week), pain frequency and pain medication usage were found after the 9-week therapy programme (Table 3) . Effect sizes ranged from 0.49 (for worst pain) to 0.94 (pain frequency). Relationship between adherence to therapy and clinical outcome
The ''percent adherence to home exercises'' showed a moderate, significant correlation with the reduction in average pain (Rho = 0.54, P = 0.003) and reduction in Roland-Morris disability (Rho = 0.38, P = 0.036). The MAI also correlated significantly with the reduction in average pain (Rho = 0.48, P = 0.008); its relationship with disability just failed to reach significance (Rho = 0.32, P = 0.07), although there was a significant concordance between the scores (higher MAI and reduced disability; Kendall's tau = 0.25, P = 0.048). Attendance at therapy and the SIRAS score were not significantly related to any of the clinical outcomes.
Discussion
Summary of main findings
The present study sought to evaluate the personal factors associated with adherence to a programme of ''spinal segmental stabilisation'' exercises in patients with chronic LBP and to determine whether adherence had any significant relationship with clinical outcome. Exercise self-efficacy was the only psychological/beliefs variable that uniquely explained a significant proportion of the variance in individual patterns of multidimensional adherence; in turn, adherence showed a significant association with the reductions in average pain and disability after therapy.
Adherence to the programme of exercises
The overall level of adherence shown by the patients in the present study was high. The average attendance at the prescribed therapy sessions was 94%, which compares well with previous reports of 76% [55] , 88% [31] and 86%, increasing to 96% with deliberate motivational efforts [19] . The positive patient ratings of the physiotherapist, and perhaps also the need to attend only once per week, may have contributed to the high attendance rates. The physiotherapists' rating of the patients' commitment during therapy was also high, with the group scoring an average of 93% of maximum on the SIRAS scale. This was somewhat higher than the score reported in a previous study of exercise therapy for (mainly acute) LBP (75%, rising to 81% for non-compensable patients) [31] , although the demands of the clinic-based part of the current treatment, in terms of its complexity, were probably much lower.
In the present study, the patients reported completing on average 68% of their home exercises, which compares well with the 71% reported by Kolt and McEvoy [31] . The slightly lower adherence rate in the present study may be the result of the daily exercise requirement and the longer course of treatment (9 weeks) compared with previous studies (2 weeks [52] , 4 weeks [31] ). Attempts were made to optimise adherence to home exercises by providing written and illustrated instructions, explaining both the purpose of the exercises and the manner in which they should be executed. In previous studies, such additional reference material was shown to improve adherence to home exercise programmes from 38% (when giving verbal instructions only) up to 77% [52] .
In relation to all the above aspects, the special study setting and the Hawthorne effect, in which individuals temporarily change their performance in response to being observed, may also have played a role in eliciting such good adherence rates (see later).
Factors explaining the variance in adherence
Of all the psychological and personal characteristics that were examined, only male gender and self-efficacy had any significant role in explaining the variance in (some aspects of) adherence. Men had significantly higher scores for adherence to home exercises, SIRAS and MAI, and for the physiotherapist's global rating of adherence, but not for attendance at therapy. This may reflect a greater commitment to the more ''active'' part of the treatment (home exercises and behaviour during the therapy) in contrast to the part of ''simply turning up'', or it may result from the fact that attendance was the only objective measure amongst the battery of otherwise subjective (patient or physiotherapist) indices. Some previous studies have similarly identified women as being less adherent than men, at least in terms of their exercise frequency, if not in terms of their overall completion rates of rehabilitation programmes [16] . This has been interpreted as a reflection of the known tendency of women to prioritise others before themselves in terms of time, money and devotion [16] . Others, however, have found no influence of gender on adherence [56] , even when measured using the same three dimensions used in the present study [31] . It has been reported that, with regard to adherence to medical treatments in general, patients' demographic characteristics (age, gender, education) prove less important than psychological or social factors [15] . Self-efficacy, i.e. the belief that one is capable of performing in a certain manner to attain certain goals, correlates positively with success in all realms of personal endeavour. It has received recognition as a predictor of health behaviour change and maintenance in various fields of medicine [59] . In the present study, self-efficacy showed a relatively low, but nonetheless significant, correlation with multidimensional adherence and remained the only significant predictor when entered together with gender into a multivariate model. Skolasky et al. [55] reported similar findings on the importance of self-efficacy in predicting ''attendance at therapy'' and ''engagement in therapy'' in patients undergoing rehabilitation after spinal surgery, with self-efficacy being the strongest unique predictor in their multivariate model. Since self-efficacy is susceptible to modification with appropriate education and training [53] , it obviously constitutes an important target of intervention when striving to improve adherence to exercise therapy programmes.
In other fields of medicine, it has been shown that individuals who believe their own behaviour is instrumental in governing their health (high internal HLC) are more likely to adhere to exercise therapy [11, 12] . However, in relation to exercise adherence in LBP, the role of HLC appears to be equivocal. In the present study, HLC explained none of the variance in multidimensional adherence. A similar lack of association with adherence measured as ''engagement in therapy'' was found in patients undergoing rehabilitation after back surgery, although internal HLC did explain a small, but significant, amount of the variance in ''attendance at therapy'' [55] . Engstrom et al. [16] reported no difference in the scores for HLC in completers and non-completers of a musculoskeletal rehabilitation programme, but a minor influence of one HLC dimension in governing exercise frequency during rehabilitation. As has been argued before [24, 32] , it may be that the generic measure of HLC lacks specificity and that a condition-specific HLC scale would have had more predictive power.
In the present study, no associations were observed between psychological disturbance (depression and heightened somatic awareness) and adherence to exercise therapy, confirming the findings of Skolasky et al. [55] and Alexandre et al. [4] . Harkapaa et al. [24] showed that the ability to correctly perform the given back exercises, but not the frequency of their execution, was lower in patients with psychological distress, hypothesising that this may reflect an influence of distress on the learning process per se.
In recent years, fear-avoidance beliefs (FAB) have received a lot of attention in the literature in relation to their association with self-rated disability and work capacity [20, 38, 57, 63, 68] and the outcome of physical therapy [21] . However, they have not been examined within the context of adherence. We hypothesised that FAB might have a bearing on adherence, especially in relation to the performance of home exercises, done without the guidance and ''protection'' of the physiotherapist. However, we could demonstrate no such associations. Possibly, this was the result of the low-intensity nature of the exercises used in the present study, and their lack of perceived ''threat'' in terms of their potential to overload or damage the painful back. Given its role in priming fear mechanisms [13, 63] and its influence on the individual's perception of their ability to function [61] , catastrophising was similarly investigated as a potential determinant of adherence to exercise. However, maybe for the same reasons as described for FAB, it too displayed no association with any of the dimensions of adherence.
Influence of adherence on outcome
It would seem logical to assume that the more adherent an individual is to the prescribed therapy, the more successful his/her outcome should be. Indeed, this is the motivation behind attempts to develop adherence-promoting measures to accompany medical therapies. In the present study, both the MAI and adherence to home exercises demonstrated significant relationships with outcome, measured either as a reduction in pain intensity or reduction in self-rated disability. The SIRAS and ''attendance at therapy'' scores alone, however, had no influence on outcome.
Few studies have specifically examined the doseresponse relationship (adherence-outcome) in relation to cLBP patients, but the literature from closely related fields, examining groups dichotomised by their level of adherence, suggests that the situation is not straightforward. In a group of workers with musculoskeletal pain, Linton et al. [34] revealed that ''compliers'' with an exercise programme achieved a significantly higher aerobic capacity than ''non-compliers'', but the change in pain after the programme did not differ between the groups. Similarly, Göhner and Schlicht [22] were able to develop methods for successfully enhancing exercise adherence in patients with subacute LBP, but this did not result in any improvement in pain reduction compared with a control group doing exercise alone. Jackson et al. [29] also applied methods to maximise treatment adherence to therapeutic exercise in patients with LBP (of an unspecified duration) and though they recorded an adherence rate of 92% compared with 50% in the control group, they nonetheless found no significant differences between groups in the pain levels reported at the end of the therapy programme. In a mixed group of predominantly acute/subacute LBP patients undertaking a 4-week exercise programme, Kolt and McEvoy [31] found that the SIRAS made a significant contribution to a multivariate model predicting the patients' (though not the physiotherapist's) rating of ''the extent to which they had been rehabilitated''. However, this rating is not an established LBP outcome measure [14] , and there may be unknown biases associated with the retrospective nature of this global measure of improvement.
There are a number of potential reasons explaining why the expected relationship between adherence and outcome was able to be identified in the present study, but not (or less convincingly so) in earlier studies of LBP patients. Many previous studies included acute LBP patients for whom the prognosis is considerably more favourable than for chronic patients [44] . This would be expected to confound the measures of outcome, since there would be many patients, who, simply due to the favourable natural history, would recover regardless of what they did (or did not do). Indeed, in the Kolt and McEvoy study [31] , the duration of the LBP episode was itself a significant predictor of outcome in both their multivariate models. Possibly, also the more intensive nature of the exercises used in some studies and the fact that their performance caused a transient increase in pain [33] may explain the lack of a doseresponse relationship when outcome was measured as overall pain. These types of exercises may be limited in the immediacy of their benefits and may be better perceived as something of an ''investment'', leading to improved physical capacity and fewer or less severe attacks of LBP in the future. Perhaps, the assessment of outcome as the change in disability (rather than pain) would have led to different conclusions on the adherence-outcome relationship in some of the earlier studies.
It is interesting to speculate on the ''cause and effect'' nature of the adherence-outcome relationship observed in the present study, i.e. were patients adherent over the 9-week period because their symptoms were decreasing (for whatever reason) and, convinced that the exercises were responsible, this gave them both the motivation and capacity to persevere? Or was the clinical change truly the result of the regular performance of the specific exercises? One way to address this issue would be to examine whether the adherence-outcome interaction is mediated by improvements in function related to the specific exercises. This will be the subject of a future paper. Either way, it seems likely to be some sort of reinforcement mechanism, whereby improved clinical status provides positive feedback to continue exercising. In the present study, it appeared that the critical part of the therapy concerned how much the patient did for himself/herself outside of the formal physiotherapy sessions. This seems to be typical of rehabilitation protocols that call for relatively few clinic visits [8] . Clearly, more effort should be invested in finding ways to improve patients' motivation to take responsibility for the success of their own therapy. In accordance with the findings discussed earlier regarding predictors of adherence, this would likely involve the introduction of educational or cognitive-behavioural measures to improve selfefficacy.
Limitations of the study
The present study was not without its limitations. The prime limitation was that, although commensurate with the figures reported for similar studies in the literature, our adherence rates were more positive than those reported for physiotherapy rehabilitation in clinical practice (poor adherence in up to 65% patients [6] ). As alluded to earlier, this may reflect a sort of Hawthorne effect (improved performance on observation), or it may indicate that the characteristics of the group under study were ''atypical'' in some respect. Either way, it may question the external validity of the study and its generalisability to ''daily practice''. On the other hand, if it simply reflects the benefits of providing supplementary adherence-enhancing material (and this was an intentional and integral part of the current programme), then it delivers valuable information for daily practice. This warrants further evaluation in relation to this particular form of exercise therapy. It should also be noted that the patients were predominantly recruited from tertiary care providers and hence the results may not be generalisable to patients with cLBP in other health-care settings.
The high levels of adherence to the clinic-based part of the treatment, coupled with the relatively small group size, posed another notable difficulty: the lack of variability among patients when attempting to predict individual adherence patterns. These factors may have accounted for the failure to identify any associations between the clinicbased measures of adherence and baseline characteristics or outcome. To reveal any such potential associations (or, indeed, repudiate their existence), a larger group of patients with a greater range of scores for attendance and commitment to therapy would perhaps be required. The findings of this initial exploratory study should hence be re-examined in larger groups of patients, in the everyday clinical setting.
Completion of the exercise diary on a daily basis was expected to introduce less recall bias than reports completed retrospectively at the end of each week [31] , or upon the conclusion of treatment [29] . Nonetheless, as with all such self-report measures, they may have been susceptible to social desirability effects [1, 58] .
The largely correlational nature of the study precludes conclusions being drawn regarding causality for many of the associations described, although the prospectively collected data provides some evidence of at least a timeorder relationship between self-efficacy and adherence. Randomised controlled studies should be carried out in which self-efficacy is manipulated and the consequences are observed, to confirm the predictive nature of the relationship within this rehabilitation setting.
